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Abstract 
Background: Ascorbic acid and its salts are low-toxicity products, which are routinely used in food industries as 
antioxidants. The aim of the present study was to evaluate the effect of 10% sodium ascorbate on the bond strength 
of two all-in-one adhesive systems to NaOCl-treated dentin.
Material and Methods: After exposing the dentin on the facial surface of 90 sound human premolars and mounting 
in an acrylic resin mold, the exposed dentin surfaces were polished with 600-grit SiC paper under running water. 
Then the samples were randomly divided into 6 groups of 15. Groups 1 and 4 were the controls, in which no surface 
preparation was carried out. In groups 2 and 5 the dentin surfaces were treated with 5.25% NaOCl alone for 10 
minutes and in groups 3 and 6 with 5.25% NaOCl for 10 minutes followed by 10% sodium ascorbate for 10 minu-
tes. Then composite resin cylinders, measuring 2 mm in diameter and 2 mm in height, were bonded on the dentin 
surfaces in groups 1, 2 and 3 with Clearfil S3 Bond and in groups 4, 5 and 6 with Adper Easy One adhesive systems 
according to manufacturers’ instructions. The samples were stored in distilled water for 24 hours at 37°C and then 
thermocycled. Finally, the samples underwent shear bond strength test in a universal testing machine at a strain rate 
of 1 mm/min. Data were analyzed with two-way ANOVA and post hoc Tukey tests at α=0.05.
Results: The differences between groups 1 and 2 (P=0.01), 1 and 5 (P=0.003). 1 and 6 (P=0.03) and 4 and 5 
(P=0.03) were statistically significant. Two-by-two comparisons did not reveal any significant difference between 
other groups (P>0.05). 
Conclusions: Use of 10% sodium ascorbate for 10 minutes restored the decreased bond strength of the adhesive 
systems to that of the control groups.
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Introduction
Endodontically treated teeth lose a large proportion of their 
structure due to trauma and caries and during endodontic 
treatment. As a result, they have low physical properties, 
fracture resistance and esthetic appearance (1). Restoration 
of endodontically treated teeth is a very important step to 
achieve clinical success and to restore function and esthetic 
(2). Some of the advantages of composite resin restorations 
are their ability to bond to dentin, increase resistance to 
fracture of the remaining tooth structure, increase retention 
of the restoration, decrease marginal microleakage  and en-
hance the esthetic appearance (3).
At present, the adhesive systems are generally divided 
into etch-and-rinse and self-etch systems, with differen-
ces in their mechanism of adhesion to tooth structures 
and in their bond strength. All-in-one adhesives are a 
member of the self-etch adhesive system in which the 
etchant, the primer and the bonding agent have been in-
corporated in one bottle; therefore, they do not require 
separate etching, rinsing and drying steps, resulting in 
saving time (4). 
Sodium hypochlorite (NaOCl) solution is the most com-
monly used root canal irrigation solution which has an-
tibacterial activity and can dissolve organic tissues, too 
(5). Although the use of NaOCl has some advantages, 
it has some disadvantages, too, the most important of 
which include remaining of the irrigation solution or its 
derivatives (nascent oxygen) in the root canal and its 
negative effect on the polymerization of the adhesive 
system, finally resulting in a decrease in bond strength. 
Several studies have shown the effect of NaOCl on de-
creasing the bond strength of etch-and-rinse (6,7) and 
two-step self-etch adhesive systems (8,9). 
On the other hand, the decrease in bond strength due to 
the use of NaOCl can be reversed with the use of some 
antioxidant agents such as sodium ascorbate (10), green 
tea extract (11), proanthocyanidins (12) and rosemarinic 
acid (8). The antioxidative agents can increase the bond 
strength and return it to the normal level by breaking the 
free radical chains, metal chelating, repulsion of free ra-
dicals and reacting with secondary products of NaOCl to 
neutralize them (10). Several studies have shown the ca-
pacity of 10% sodium ascorbate to restore the decreased 
bond strength of etch-and-rinse adhesive systems (13,14). 
In contrast, some studies demonstrated that the applica-
tion of sodium ascorbate solution did not significantly 
increase the compromised bonding of two-step self-etch 
adhesive systems to NaOCl treated dentin (8,15). So, The 
aim of the present study was to evaluate the effect of 10% 
sodium ascorbate on the shear bond strength of two all-in-
one adhesive systems on the NaOCl-treated dentin.
Material and Methods 
Ninety sound human premolar teeth with closed apices, 
extracted for orthodontic reasons from subjects 15-25 
years of age, were selected and used for the purpose of 
this in vitro study. The teeth were placed in 0.5% chlo-
ramines T solution (Merck, Hamburg, Germany) at 4°C 
immediately after extraction. One week before the labo-
ratory procedures the teeth were cleaned of all the cal-
culi and soft tissue remnants and then stored in distilled 
water. The teeth were cut by a diamond disk (Diament 
Gmbh, D82, Goerzallce 307, 14167 Berlin, Germany) in 
a high-speed handpiece under air and water coolant in 
a transverse plane perpendicular to the long axes of the 
teeth. After elimination of enamel, the dentin was expo-
sed. A 10-mL syringe was used to mount the samples in 
self-cured acrylic resin with the cut dentin surface flush 
with the acrylic resin surface. The exposed dentin sur-
faces were polished with 600-grit silicon carbide paper 
under running water to achieve a smooth surface with a 
homogeneous smear layer. Then the samples were ran-
domly divided into 6 groups using the Randlist software 
program as follows: 
In groups 1 and 4 (S1 and E1, respectively) no prepara-
tion was carried out.
In groups 2 and 5 (S2 and E2, respectively) the samples 
were exposed to 5.25% NaOCl (Merck Darmstadt, Ger-
many) for 10 minutes.
In groups 3 and 6 (S3 and E3, respectively) the samples 
were exposed to 5.25% NaOCl for 10 minutes and then 
rinsed with 10% sodium ascorbate (Fluka, Buchs, Swit-
zerland) for 10 minutes. 
In groups 1 to 3 (S1, S2 and S3) Clearfil S3 Bond (Kura-
ray Medical Inc., Japan) and in groups 4 to 6 (E1, E2 and 
E3) Adper Easy One (3M ESPE, St. Paul, MN, USA) 
adhesive systems were used according to manufactures’ 
instructions. Z100 (3M Co., St. Paul, MN, USA) compo-
site resin was used to construct composite resin cylinders 
in transparent plastic molds measuring 2 mm in diameter 
and 2 mm in height. To this end, the transparent cylin-
ders were filled with the A1 shade of composite resin and 
placed on the prepared dentin surface fixed by pincers. 
A piece of celluloid matrix band was placed on it and 
pressed by finger. Then extra composite resin material 
was removed using a dental explorer. The composite re-
sin cylinders were light-cured for 40 seconds using As-
tralis 7 (Ivoclar Vivadent, FL 9494 Schaan) light-curing 
unit at a light intensity of 400 mW/cm3 with the light-
conducting tip touching and perpendicular to the surface 
from 2 directions (20 seconds from each direction). The 
composite resin cylindrical samples were stored in dis-
tilled water for 24 hours at 37°C and then underwent 
a thermocycling procedure consisting of 500 rounds at 
5±2/55±°C. Finally, the samples underwent a shearing 
bond test in a universal testing machine (Hounsfield Test 
Equipment, H5k-S Model, Surray, England) at a strain 
rate of 1 mm/min by placing the chisel-shaped blade of 
the test equipment at dentin‒composite resin interface.
The mean and standard deviation for each group were 
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calculated and analyzed using two-way ANOVA and 
post hoc Tukey tests. Statistical significance was defined 
at P<0.05. Fracture patterns were determined by eva-
luating the samples under a stereomicroscope (Nikon, 
Tokyo, Japan) at a magnification of ×40. The fracture 
patterns were classified as adhesive, cohesive and mixed 
and the fracture pattern frequencies were reported as 
percentages in the study groups.
Results
Table 1 presents the means, standard deviations and 
standard errors of shear bond strength values in all the 
study groups.
The results of one-way ANOVA showed significant 
differences in shear bond strength values between the 
different study groups (P=0.03). Two-by-two compa-
risons of the groups with post hoc Tukey test showed 
that differences between groups 1 and 2 (P=0.01), 1 and 
5 (P=0.003), 1 and 6 (P=0.03), and 4 and 5 (P=0.03) 
were significant. There were no significant differences 
between the other groups (P>0.05). In other words, 
NaOCl treatment decreased bond strength of both ad-
hesive systems significantly in comparison to their con-
trols. Furthermore, application of 10% sodium ascorbate 
for 10 minutes on the dentin treated with 5.25% NaOCl 
increased the bond strength of both all-in-one adhesive 
systems to values comparable to those in the correspon-
ding control group.
Discussion
Sodium hypochlorite is a well-known nonspecific pro-
teolytic agent, capable of eliminating organic materials 
and magnesium and carbonate ions (16). It is used as 
Groups N Mean (MPa) Std.Deviation Std.Error 95% Confidence Interval for 
Mean
Number Description Lower Bound Upper Bound
1 CS3-Control 15 36.82a 5.35 4.22 27.77 45.87
2 CS3-NaOCl 15 26.19b 4.48 3.48 18.72 33.66
3 CS3-NaOCl-Ascorbate 15 31.93a 3.89 2.81 25.89 37.96
4 ESB- Control 15 32.81a 7.79 2.01 28.49 37.12
5 ESB- NaOCl 15 23.64b 4.35 2.66 17.92 29.36
6 ESB-NaOCl-Ascorbate 15 27.32b 4.35 2.93 21.03 33.61
Table 1. The means, standard deviations and standard errors of shear bond strength values in the study groups.
Different superscripts mean statistically significant differences between groups (p<0.05).
CS3:Clearfil S3Bond, ESB: Easy Bond
a deproteinizing agent on dentin (17). Several studies 
have evaluated the role of NaOCl in dentin permeabi-
lity and adhesion to dentin (18,19). Depending on the 
study procedure and methodology or the specific chemi-
cal structure of the adhesive system used, use of NaOCl 
after etching results in an increase or decrease in bond 
strength (19-21). Tanaka et al. (22)  reported that there 
is an increase in bond strength to dentin with an increase 
in the concentration of NaOCl until it reaches a plateau 
at a concentration of 10% with an application time of 60 
seconds. 
In the present study the dentin bond strength of all-in-one 
self-etch adhesive systems was evaluated after applica-
tion of 5.25% NaOCl for 10 minutes. The results showed 
a significant decrease in the bond strengths of the two 
adhesive systems after application of NaOCl compared 
to the control group. Several researchers have reported 
a decrease in bond strength between the composite resin 
and dentin with the use of etch-and-rinse (6,7) and two-
step self-etch adhesive systems (8,9) after the applica-
tion of NaOCl.
In a study by Perdigao et al. (17) treating dentin collagen 
fibers with NaOCl decreased the bond strength of two 
single-bottle adhesive systems despite deep penetration 
of the adhesive. They argued that the demineralization 
depth of the dentin might not have an important role in 
adhesion to dentin; rather, the quality and integration with 
the available dentin during resin penetration might have 
a more important role. A decrease in the bond strength 
of etch-and-rinse adhesive systems after etching might 
be attributed to different mechanisms, including the re-
lative dissolution of collagen at intertubular areas (23), 
instability of collagen molecules (24), shrinkage of den-
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tin (25) and a change in crystallization degree of dentin 
hydroxyapatite after application of NaOCl (17,25). 
The main difference between the self-etch adhesive sys-
tems and their previous generation is the fact that the 
self-etch systems do not need a separate etching step, 
and the etching solution and the primer have been in-
corporated in one bottle; therefore, etching and priming 
steps are carried out simultaneously (4). As a result, it is 
believed that a decrease in the bond strength of self-etch 
adhesive systems can be attributed to the remnants and 
by-products of NaOCl, which have a negative effect on 
the polymerization of the adhesive systems. Treating the 
dentin with NaOCl might lead to biologic oxidation (26). 
In other words, the remnants of free radicals resulting 
from the oxidative effect of NaOCl on vinyl free radicals 
produced after activation of the adhesive systems com-
pete with light and result in incomplete polymerization 
due to the premature termination of the chain (27,28). 
A decrease in bond strength due to NaOCl might also 
be attributed to the production of oxygen due to the dis-
integration of NaOCl to NaCl and oxygen. The oxygen 
released due to this process is a strong factor, preventing 
polymerization of the adhesive agents (13). 
In addition, the present study showed that use of 10% so-
dium ascorbate for 10 minutes on the dentin treated with 
5.25% NaOCl significantly increased the bond strength 
of both all-in-one adhesive systems. In previous studies, 
too, the positive and significant effect of the use of 10% 
sodium ascorbate has been shown in increasing the bond 
strength of etch-and-rinse (6,7) and self-adhesive ce-
ments (29) to dentin treated with NaOCl. Based on the 
results of a study by Vongphan et al. (14)  the effect of 
sodium ascorbate on increasing the bond strength was 
predominantly attributed to chemical reactions. In other 
words, the product resulting from a chemical reaction 
between sodium ascorbate and NaOCl was responsible 
for an increase in bond strength because in that study re-
petition of the rinsing procedure with water after appli-
cation of sodium ascorbate resulted in a significant de-
crease in bond strength (14). Since ascorbate acid and its 
sodium salt are potential anti-oxidants, it is probable that 
sodium ascorbate can change oxidative agents through a 
redox reaction (6). In other words, sodium ascorbate can 
promote the polymerization reaction of free radicals of the 
adhesive agent without premature termination and rever-
ses the disrupted bonding to NaOCl-treated dentin (13). 
Furthermore, In the present study, the results achieved in 
the sodium ascorbate group were similar to those achie-
ved in the corresponding control group. Vitamin C and 
its salts, such as sodium ascorbate, are non-toxic and are 
used in food industries and it appears their application 
on dentin has no reverse biologic effects (30). Future 
studies should focus on determining the minimum time 
and concentrations necessary for the application of so-
dium ascorbate, with preservation of its positive effects, 
on evaluation of an increase in the durability of the bond 
with the use of different adhesive systems and on eva-
luation of microleakage.
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